The highway networks of most European and North American countries are completed or close to completion. However, many of their bridges are aging, and in the United States alone a very significant part of the about 600,000 existing bridges is considered to be deficient and must be replaced, repaired or upgraded in the short term. The funds available for the maintenance of existing highway bridges are extremely limited when compared with the huge investment necessary, and must, therefore, be spent wisely. In this paper, a model based on lifetime functions for predicting the evolution in time of the reliability of deteriorating bridges under maintenance is presented. This model uses the probability of satisfactory system performance during a specified time interval as a measure of reliability and treats each bridge structure as a system composed of several components. In this manner, it is possible to predict the structural performance of deteriorating structures in a probabilistic framework. In addition, the optimum maintenance strategy is identified using as objective the minimization of the present value of the life-cycle maintenance cost. An existing bridge is analyzed using lifetime functions and its optimum maintenance strategy is found.
also be found in [3, 20, 4, 8] . 
System reliability and reliability importance based on
42 lifetime functions 43 The safety of a structural system can be analyzed based 44 on the reliability of its components and their role in various 45 failure modes. According to Leemis [17] , the state of a 46 component, x i , is assumed to be binary, as follows: safe when all and at least one of their components are 56 safe, respectively. For these systems, the associated structure 57 functions are, respectively, defined as: where r ( p) = system reliability and p i = probability of 6 failure of component i .
7
This factor can be normalized as follows [11] : 
15
In Fig. 4 the normalized reliability importance factor 
22
In most cases, the failure rate of a component is not 
Preventive and essential maintenance models

34
As previously indicated, the reliability of a structure can 
Proactive preventive maintenance
18
Due to the lack of data on proactive maintenance models, 
25 where t 0i = time of damage initiation considering i proactive of proactive maintenance actions necessary to obtain a 29 specified value of t 0i , the following constraint must be 30 satisfied: 
50 where S t = survivor function under no maintenance, its initial value (at t = 0). As expected, more frequent applications lead to higher probabilities of system survival.
66
If reactive preventive maintenance is applied only to 67 some components of a system (e.g., two out of four
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JEST: 1747 reactive preventive maintenance at five years' interval.
7
Component 3, being the most important, has the largest 8 effect on the cumulative-time system failure probability. 
Optimization and data on lifetime functions
39
The methodology used for optimizing the essential 40 maintenance strategies is adapted from that proposed by 41 Estes and Frangopol [7] . It consists of the following nine 
Colorado state highway bridge E-17-AH
35
As existing bridge located in Colorado, analyzed 36 previously by a system reliability index approach [7] , is Weibull functions are adopted to model the probability and most frequent applications of maintenance, respectively.
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The choice of the most adequate system model must be, considered for this bridge as well as the associated costs are 56 presented in Table 1 [7] .
57 Table 1 Maintenance actions and their associated costs [7] Maintenance Maintenance Cost identification action (1996 US$) (1) (2) In order to obtain the optimum maintenance strategy, it 58 is necessary to establish the minimum acceptable system 59 probability of occurrence of a defect of severity 4. In this 60 study, this minimum acceptable system probability level all values of discount rate considered.
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5
For case I (see Fig. 12 ), system failure is defined as a 6 severity 4 defect being found in the deck, or in an external 7 girder, or in any two adjacent interior girders. As a result, Table 1 ) is suitable to 30 extend the service life beyond the time horizon (75 years).
31
The resulting system probability of occurrence of defect 4 32 associated with the optimum maintenance strategy 3@12,
33
4@24, 3@36, 4@48, 3@60, and 2@72 (where 3@12 means 34 maintenance action 3 applied at year 12) is shown in Fig. 14 .
35
The present value of the maintenance cost associated with 36 this strategy, considering 2% discount rate, is $1,083,174
37
(1996 US$).
38
For case II in Fig. 12 , system failure is defined as finding 39 a severity 4 defect in the deck or in any two adjacent girders.
40
In this system model no distinction between interior girders 41 and exterior girders is made. This system is more redundant 42 than system I and, as a result, the first maintenance action 43 is applied later and the time interval between maintenance 44 actions is larger (Fig. 15) . As indicated in Fig. 16 , the 45 threshold system probability of 10 −2 is achieved after 18 46 years (instead of 12 years for system I). At this time, due to the higher reliability importance of the deck, maintenance 48 option 1 (replacement of the deck) is optimum. At year 49 28 a second essential maintenance action must be applied.
50
As for case I, the girders are now more deteriorated and In Table 2 , the present values of optimum lifetime cost of 65 the three system models in Fig. 12 are presented considering Table 2 Comparison of optimum costs for different bridge system models and discount rates Bridge system model Optimum lifetime maintenance cost (1996 US$) optimized plan to be updated based on inspection results [7] .
23
The proposed model is applied to an existing bridge in 
33
The present value of cumulative cost of optimum mainte-34 nance scenarios, for all system models, is very sensitive to 35 the discount rate.
36
The use of an analytical model alone is not, however, 
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